We present the results of low-and highresolution spectroscopic and multicolour photometric observations of two early-type emission-line stars, AS 78 and MWC 657. They were identified by Dong & Hu (1991) with the IRAS sources 03549+5602 and 22407+6008, respectively, among many other sources displaying a very strong infrared excess, V − [25] ≥ 8 mag AS 78 is recognized as a photometric variable for the first time. A large near-IR excess radiation is detected in AS 78 and confirmed by new, higher-quality, data for MWC 657. Significant variations in the Balmer line profiles are detected for both objects. Modelling of the Balmer line profiles of AS 78 obtained in 1994 yields the following parameters of the star and its wind: T eff ∼ 17 000 K, log L bol /L ∼ 4.0,Ṁ ∼ 10 −6 M yr −1 . The photometric and new spectroscopic data indicate that the star's T eff increases with time, while the stellar wind changes its structure. Distances towards both objects are estimated on the basis of their radial velocities and the galactic rotation curve. Consideration of different options about the nature and evolutionary state of both objects leads us to suggest that they are binary systems Send offprint requests to: A.S. Miroshnichenko, Abstract.html containing a B-type intermediate-luminosity star and a gaseous disk around the less luminous component.
Introduction
Catalogues of emission-line stars which were compiled decades ago (e.g., MWC, Merrill & Burwell 1933; AS, Merrill & Burwell 1950; LS, Stock et al. 1960 ) contain a large number of unstudied objects. For most of these objects, we only know that they display the Hα line in emission. The attention of researchers is usually attracted to these objects only when new information becomes available, such as photometric variability, or the detection of excess radiation in some spectral region. This is the case for the two stars in the present paper.
All early-type emission-line stars are surrounded by a significant amount of circumstellar gas (for instance, due to a stellar wind or accretion) and, as a consequence, display IR excesses due to free-free and free-bound radiation. Some are also surrounded by dusty envelopes, which Miroshnichenko, A.S., Chentsov, E.L., Klochkova, V.G., Kuratov, K.S., Sheikina, T.A., Mukanov, D.B ., Bjorkman, K.S., Gray, R.O., Rudy, R.J., Lynch, D.K., Mazuk, S., Puetter, R., Garcia-Lario, P., Perea, J.V., Bergner, Yu.K., 2000. A&AS, 147, 5-24 . Spectroscopy and photometry of the emission-line B-type stars AS 78 and MWC 657 Made available courtesy of EDP Sciences: http://dx.doi.org/10. 1051/aas:2000287 can be either remnants of the protostellar collapse at the pre-main-sequence stage of evolution or can be formed in the outer parts of the wind for more evolved stars. If dust is present in the circumstellar environment, the IR excesses are more prominent, especially in the mid-and far-IR region, and in some cases may have been detected by the IRAS satellite. To identify such objects, crossidentification of the sources from the catalogue of galactic early-type emission-line stars by Wackerling (1970) with those of the IRAS Point Source Catalogue (PSC) was carried out by Dong & Hu (1991) .
These authors selected only objects with a very strong IR excess, V − [25] ≥ 8 mag, and found 187 such objects. Only about 30% of this sample consists of objects with a known nature: Herbig Ae/Be stars, LBVs, Wolf-Rayet stars, symbiotic and VV Cep binary systems, and H ii regions. Most of the other objects have not been investigated yet. Studying the spatial distribution of these objects, Dong & Hu found them to belong to the extreme Population i and concluded that they provided a rather complete sample for further study of the evolution of preand post-main-sequence stars of intermediate and high masses with these properties. The selection criterion used was rather crude, but it enabled the authors to find objects in which the circumstellar processes are highly active. Thus, new information about the poorly-studied objects from this list is important for our understanding of the evolution of stars and their envelopes.
In 1993 we began a study of a subsample of Dong & Hu's list which contains most of their northern objects (north of −15 • declination). These objects may display similar properties while having quite different natures and evolutionary states. Because of that, we have been grouping them on the basis of either similar observational characteristics or closeness in their physical parameters. Our first results were briefly presented at the Workshop on B[e] stars (Kuratov et al. 1998; Sheikina & Miroshnichenko 1998) .
In the course of this study we obtained photometric and spectroscopic observations of two poorly-studied objects, AS 78 and MWC 657. Analysis showed that their properties are similar to those of B[e] stars with hot circumstellar dust . Our previous study of MWC 657 (Miroshnichenko et al. 1997 ) was limited to only photometric data and resulted in rough estimates of the star's fundamental parameters. Here we present the results of our spectroscopic and photometric analyses for both objects, including estimates of the main characteristics of the stars and their surrounding circumstellar matter. The observations are described in Sect. 2, results and discussion in Sect. 3, and our conclusions are given in Sect. 5. The observatory name is listed in Col. 3, the spectral resolution in Col. 6. a See text for the explanations.
Observations
The log of spectroscopic observations is presented in Table 1 . The low-resolution observations of AS 78 were obtained on 1994 January 5 and 21 at the 6-m telescope of the Special Astrophysical Observatory (SAO) of the Russian Academy of Sciences with a photoelectric TVscanner (Balega et al. 1979 ) mounted at the Nasmyth focus. The high-resolution spectrum of AS 78 was obtained on 1999 July 28 at the same telescope with thé echelle-spectrometer PFES (Panchuk et al. 1998 ) and a 1140×1170 pixel CCD detector. The infrared observations of AS 78 were acquired on 1999 August 28 with the 3-m Shane reflector of Lick Observatory and the Aerospace near-infrared imaging spectrograph. The spectrograph, which is described in more detail by Rudy et al. (1999) , uses two channels to provide wavelength coverage from 0.8 to 2.5 µm. The blue (0.8 − 1.4 µm) and red (1.4 − 2.5 µm) spectra, which are acquired simultaneously, are each combinations of 6 individual spectral segments taken at different wavelength positions. Of the 6 positions, there are 3 that are well separated in wavelength; for each of these, 2 distinct positions are used that are separated by 2.5 pixels. The latter provides both oversampling and protection from dropouts due to bad pixels. Each of the 6 individual spectral segments are in turn formed from 4 individual spectra, each of 5 seconds duration. These spectra are taken at two separate locations along the slit ("plus beam" and "minus beam") in the following sequence: plus, minus, minus, plus. The spacing along the slit was 20 and the slit was oriented North-South.
A 2 slit was employed for the observations of AS 78 and its calibrator star HR 1276, an F5 dwarf. The instrumental response and most of the effects of atmospheric absorption were removed by dividing the spectrum of AS 78 by that of the calibrator. To remove Strajzhys (1977) shifted along the interstellar reddening vector EU−B/EB−V = 0.84 (dashed line) at EB−V = 0.85 the intrinsic spectrum of the calibrator from this ratio, a model from Kurucz (1994) appropriate to an F5 v star was used. The absolute flux level was set from the K-magnitude (5.17) of HR 1276. The K-magnitude was derived from the V -magnitude tabulated in the Bright Star Catalog (Hoffleit & Jaschek 1982) and the nominal V − K colour for an F5 dwarf given by Koornneef (1983) . Using this absolute calibration, we estimated the star's brightness in the JHK bands. The results are listed in Table 2 and are in good agreement with the CST data for the J and H bands. The continuum flux at 0.9 µm (1.110 −16 W cm −1 µm −1 ) agrees well with the results of our I-band photometry (I = 9.6 mag that corresponds to 1.2 10 −16 W cm −1 µm −1 according to Strajzhys 1977) .
The low-resolution optical spectra of MWC 657 were obtained on 1998 September 10 and 1999 December 30 at the 0.8-m telescope of the Dark Sky Observatory (DSO) of Appalachian State University. We used the Gray/Miller spectrograph and a 600 lines mm −1 grating in the first order, with a Tektronics 1024 × 1024 thinned, back-illuminated CCD. These spectra have a spectral range of 3800 − 5600Å, and a resolving power R of about 1300 (3.6Å/2 pixels). Two high-resolution spectra of MWC 657 were taken on 1994 August 28 and 1995 August 12 with a fiber-fed spectrographÉLODIE at the 1.93-m telescope of the Observatoire de Haute-Provence (south of France), in the framework of an extended search for spectroscopic binaries among young early-type emission-line stars (Corporon & Lagrange 1999) . Another high-resolution optical spectrum of MWC 657 was obtained on 1999 January 7 at the SAO 6-m telescope with PFES.
The simultaneous UBV RIHK observations in the Johnson photometric system were obtained between January 1993 and March 1999 with two 1-m telescopes at the Assy and Tien-Shan Observatories of the Fesenkov Astrophysical Institute of the National Academy of Sciences in Kazakhstan, equipped with a two-channel photometer-polarimeter (Bergner et al. 1988 ). The 26 diaphragm and a 85 Hz chopper throw of 84 in the north-south direction were used in all the runs. The results of the optical photometry are presented in Table 2 for AS 78 and in Table 6 for MWC 657. Typical errors of these observations do not exceed 0.03 mag (0.05 mag in the U -band for MWC 657), and also include those of the transformation from the instrumental to the standard photometric system. The data with larger errors are marked with a colon. Only four K-band and one H-band observations were obtained for AS 78, as its brightness turned out to be very close to the limiting magnitude of the equipment. These results are shown in Table 3 and discussed in Sect. 3.1.1. The results of our first UBV RIK photometric observations of MWC 657 obtained in 1996 September-December were presented by Miroshnichenko et al. (1997) .
On 1999 September 17 we obtained JHK observations of both stars at the 1.55-m Carlos Sánchez Telescope (CST), operated by the Instituto de Astrofísica de Canarias at the Spanish Observatorio del Teide (Tenerife, Spain). We used a CVF infrared spectrophotometer equipped with an InSb photovoltaic detector, operating at the temperature of liquid nitrogen, with a photometric aperture of 15 and a chopper throw of 30 in the RA direction to subtract the contribution from the background sky. The Teide photometric system is described in Arribas and Martínez-Roger (1987) , as well as its relations with other standard photometric systems. Since this system is very close to the Johnson system used at Tien-Shan, no additional corrections have been applied to the CST data. For the flux calibration we used several standard stars taken from the list given by Koornneef (1983) , observed at different air masses to determine the atmospheric extinction in each filter during the night of the observation. Each star was observed 4 times in each band. The averaged data for AS 78 are included in Table 3 , while those for MWC 657 are presented in Sect. 3.1.2.
On 2000 February 25 and 26, we obtained IR observations of AS 78 at the 3-m NASA IRTF, equipped with a single-element gallium-doped germanium bolometer, at Mauna Kea (Hawaii, U.S.A.). The photometric aperture of 10 and an 11 Hz chopper throw of 15 in the N-S direction was used. The measurements in the broad-band KLM filters were taken on the first night, while both the broad-band KLM N and narrow-band filters centered at 8. 7, 9.8, 11.6, and 12.5 µm were used on the second night.
The accuracy of the measurements for AS 78 was close to 1 per cent in the broad-band filters, and about 4 per cent in the narrow-band ones. The magnitudes for HR 1457 and HR 1641 from the IRTF standard stars list were used to calibrate the KLM -data, while the results of Hammersley et al. (1998) obtained at IRTF for HR 2077 were used for the N -band and narrow-band data. The mean resulting accuracy of the object's magnitudes after calibration is 2 per cent for the broad-band and 5 per cent for the narrow-band data. Our IRTF data are listed in Table 4 .
Results

Photometric data
3.1.1. AS 78 AS 78 (Merrill & Burwell 1933) = LS i +56 • 96 is an 11-mag object in Camelopardalis which was identified by Miller & Merrill (1951) as a Be star. Only one other UBV observation is found in the literature (Haug 1970) . Dong & Hu (1991) identified AS 78 with the IRAS PSC source 03549+5602, with fluxes at 12, 25, and 60 µm of 3.75, 3.13, and 0.57 Jy respectively. These fluxes indicate a strong IR excess with respect to the radiation of a hot star (see Fig. 11 ), that might be due the presence of circumstellar dust or a cool companion. The absence of spectral features of a late-type star in the spectrum of AS 78 and the large near-IR colour-indices (see Sect. 3.2.1) suggest that if there is a secondary component in the system, it is not responsible for the bulk of the visible and IR flux. Furthermore, the IRAS data are in agreement with the presence of circumstellar dust in the system (see Sect. 3.3).
Recently AS 78 was detected by the MSX satellite in the course of a mid-IR galactic plane survey (MSX5C−G146.9227+02.3139, Egan et al. 1999) . Its fluxes were measured in three bands centered at 8. 28, 12.13, and 14.65 µm (3.69 ± 0.18, 3 .06 ± 0.23, and 2.87 ± 0.18 Jy respectively). The 12-µm IRAS, MSX, and IRTF fluxes agree with each other within a 3σ range. The smooth flux decrease with wavelength in this region suggests that the 10 µm silicate feature is probably weak or not present in the spectrum (see Fig. 11 ). Furthermore, a steep decrease in the IR flux toward longer wavelengths implies a large density gradient in the dust envelope and/or a small size. It might indicate that the dust formation process started recently and the dust is concentrated mainly close to the star.
No previous near-IR observations for this star have been reported in the literature. Our measurements (see Tables 3 and 4) show that a significant excess radiation has been reliably detected in this spectral range. Note that the CST K-magnitude is nearly 1 mag fainter than those of the other dates. This cannot be due to clouds, which were noticed nearly an hour after the observation of AS 78, because the measurements in all three bands were repeated several times in different sequences, and the Jand H-band CST magnitudes are in good agreement with those obtained at Lick 3 weeks earlier. Nor do we believe that this discrepancy is due to the small diaphragm size used at CST, because the near-IR emission is due to hot dust which is located close to the star; 15 corresponds to 0.2 pc at the distance of AS 78 (see Sect. 3.2.1) and certainly includes all the hot dust and even most of the cooler part of the dusty envelope. Our IRTF measurements through a 10 aperture confirm this suggestion. In any case, our near-IR data indicate that there is a noticeable variability at least in the H-and K-bands.
In order to estimate the strength and shape of the near-IR excess we adopt V − K = 4.8 mag, J − H = 1.1 mag, and H − K = 1.2 mag (from Table 3 ), which correspond to the dereddened values of 2.4, 0.8, and 1.0 mag, respectively, using E B−V = 0.9 mag derived below. This is in agreement with the above suggestion about the presence of the circumstellar dust (see Fig. 11 ).
Our optical photometry (38 observations from more than 6 years) shows that the star's brightness varies with an amplitude of 0.25 mag (see Table 2 ). The U − B and B − V colour-indices display a positive correlation with each other and a negative correlation with V −R and V −I (Fig. 1) . The temporal trend direction in the U − B vs. B − V plane (see Fig. 1b ) is closer to the line of the stellar intrinsic colour-indices (Strajzhys 1977) than to the interstellar reddening vector. This suggests that these colour variations are caused by changes in the star's parameters rather than by those of the circumstellar matter. The object's strong emission-line spectrum implies a certain contribution of the latter to the brightness and colour-indices. However, this contribution is probably small, since our results for the interstellar reddening derived from the photometry and spectroscopy (Sect. 3.2.1) are very close to each other.
The colour-indices (U − B, B − V ) change between (−0.10, 0.67) and (0.15, 0.77). These extreme values correspond to the spectral types B2 and B4 respectively (if we assume luminosity types v or iii) with essentially the same reddening, E B−V = 0.90 ± 0.05 mag. The spectral type interval would be B7 to B9.5, assuming that the star is a supergiant. These estimates were obtained using the ratio of total to selective extinction R = 3.1, and E U−B / E B−V = 0.84, which was derived from the data listed in Table 5 . A small (∼ 0.1 mag) excess radiation in the R and I bands is seen for all suggested luminosity types after dereddening. As the spectral type becomes earlier, V − R and V − I increase from 0.75 and 1.4 to 0.9 and 1.7 mag, respectively, yielding an increase in the red-excess radiation. Temporal evolution of the colour-indices shows that both U − B and B − V decrease with time, while both V −R and V −I increase (see Fig. 1d ). This indicates that both the star's temperature and the red-excess radiation, which is most likely due to free-free radiation, increase with time. The latter fact might imply strengthening of the stellar wind.
A similar behaviour of U − B and B − V is a frequently observed phenomenon in classical Be stars (e.g., Harmanec 2000) , which have significantly weaker emission-line strengths than those of AS 78, and very flattened circumstellar gaseous envelopes. A positive correlation at the same brightness level (as is seen in AS 78) is usually observed in the systems seen nearly edge-on and can be explained by a change of the Balmer discontinuity (Divan & Zorec 1982) . The latter is due to a change in the amount of circumstellar matter close to the star. Balmer line profiles of AS 78 suggest an insignificant flattening of its envelope (see Sect. 3.2.1) that may have the same impact on the color-indices. Therefore, while the stellar wind strengthening mentioned above may account for all the four color-index changes, since we do not have more detailed spectrophotometric information, we cannot rule out temperature changes as a possible contributor to the observed photometric behaviour.
Periodogram analysis of the optical brightness variations shows that the power spectrum contains a number of peaks of almost equal strength between 60 and 500 days. However, none of the possible periods displays a convincing phase curve.
To decide which luminosity type is more realistic for AS 78 we searched for photometric data of nearby stars in the sky. Several B-type supergiants found within an angular distance of 1 • (from the object) are listed in Table 5 . Despite the fact they have colour-indices close to those of AS 78 and similar reddenings, they are 1 − 3 mag brighter than AS 78. This fact might imply that our object is a low-or an intermediate-luminosity star rather than a high-luminosity supergiant. The photometric data from Table 5 indicate that the interstellar extinction (A V ) varies between 2.5 and 3.0 mag beyond ∼ 2.5 kpc from the Sun in this direction. The extinction for AS 78 we de-
The above data on the nearby stars and the derived A V imply that distance of AS 78 is at least 2.5 kpc.
MWC 657
The results of a photometric study of MWC 657 have recently been presented by Miroshnichenko et al. (1997) , who concluded that it is an early B-type star which is located above the main sequence and is surrounded by The effective wavelengths of the broad-band IRTF filters are 2.2 µm (K), 3.45 µm (L), 4.8 µm (M ), and 10.4 µm (N). (Scargle 1982) . The strongest peak in the power spectrum corresponds to a period of 86.2 days. The phase curves folded onto this period are presented in Fig. 2 . It turned out that the 1996 and 1998 optical photometry was obtained in non-overlapping phase ranges. However, since the same equipment was used in both data sets, this fact shows that the variations were stable during at least 10 cycles.
It is seen in Fig. 2 that the object generally becomes bluer when it brightens, although there is a short period of reddening around phase 0.5 which is best seen in the B − V colour. The K-band brightness seems to increase along with the optical brightness. At the same time, we cannot rule out the possibility that the photometric variations detected reflect different activity states of the object and are not periodic.
A search for photographic plates containing images of MWC 657 in the Sternberg Astronomical Institute (Moscow, Russia) archive revealed 85 such plates. The object's brightness was estimated by N.E. Kurochkin (priv. commun.) by eye. He found that it varied between m pg 13.5 and 14.5 in 1901-1968. Unfortunately, it turned out to be close to the plates' threshold, and the estimates have large errors. As a result, they do not show any variations with a period close to that of the photoelectric data. Nevertheless, the photographic data show no dramatic variations in the brightness of MWC 657. 
Spectroscopic data
The Coluzzi (1993) was used to identify the spectral lines. Characteristics of the identified lines in the spectra of both objects are listed in Table 7 (Balmer lines only), Table 8 (lines in the near-IR spectrum of AS 78), and Table 9 (other lines in the optical region). For MWC 657 the information from the OHP 1994 and SAO spectra is given in Table 9 , because the OHP 1995 spectrum was obtained with a lower signal-to-noise ratio. The most informative parts of the low-resolution spectra of both objects are shown in Fig. 3 Despite the above-mentioned similarities, the objects' spectra are different in details. Thus we will discuss the spectral features of these objects separately. Fig. 8 . The Hα line profiles in the spectrum of AS 78 obtained with different resolutions. The spectrum of 1994 January 5 is shown by a dashed line, that of 1994 January 21 by a solid line, while that of 1999 July 28 by a dotted line. Units of the wavelengths and intensities are the same as in Fig. 3 
AS 78
The Balmer lines (Hα − Hδ) have P Cyg-type profiles in both high-and low-resolution spectra of AS 78, indicating the presence of a strong stellar wind. The weak blueshifted peak and broad wings seen in the high-resolution Hα profile suggest a significant amount of electron scattering. The emission components of the higher members of the series are seen together with the broad photospheric lines (see Fig. 3 ). The equivalent width of the Hα line was nearly The heliocentric radial velocities of the blue emission peak, central absorption, and red emission peak are listed in Cols. 3, 5, and 7 respectively; their intensities in continuum units in Cols. 4, 6 and 8; the equivalent widths (EW ) are given in Col. 9 inÅ. The source of the data is listed in Col. 10. No velocity information is given for the low-resolution data. a The red peak of the Hα line is saturated.
75Å in 1994 and 117.5Å in 1999. The central intensity of the Balmer lines strongly depends on the resolution (see Table 7 and Fig. 8 ). This is partly due to the narrow emission component of the line, but so remarkable a change in the line strength between 1994 and 1999 can also be explained by variations of the stellar wind. The change in the Balmer decrement (log I Hα /I Hβ = 0.95 in 1994 and 0.69 in 1999) confirms the latter suggestion.
The sodium D 1,2 lines consist of one emission and three absorption components (see Fig. 6 ). The strengths of the two deepest components, which are barely resolved at our resolution and certainly have an interstellar origin, are consistent with the high reddening evident from the photometry. Their radial velocities (hereafter RV ), −4 and −40: km s −1 , suggest that the star belongs to the Perseus arm. Munch (1957) has shown that in this direction of the galactic plane such components are seen in the spectra of stars located farther than 2 kpc from the Sun. The emission components of the D-lines seem to have P Cyg-type profiles, which are very similar to those of the strongest Fe ii lines.
Nearly 10 DIBs are found in the spectrum of AS 78. Since their fine structure is not resolved in our spectrum, we are only able to roughly estimate where they are formed. The mean DIBs RV of about −12 km s −1 is consistent with their formation between the Sun and Perseus arm. The strength of some DIBs in stellar spectra display a good correlation with the star's reddening (e.g. Herbig 1993) . We use this property to obtain an independent estimate of E B−V . The equivalent widths of the DIBs at 5780 and 5797Å, 0.43 and 0.11Å, respectively, correspond to E B−V = 0.9 (Herbig 1993) , which is in good agreement with the dereddened optical colour-indices.
Only a few absorption lines of non-interstellar origin are seen in the spectrum of AS 78. The He i lines (4713, 5876, 6678, 7065, and 10830Å) are rather weak, while all except for the IR line, which is not resolved, show emission components superimposed on the underlying absorption line (see Fig. 6 ). Thus these lines are most likely affected by the envelope emission and cannot be used to derive the star's spectral type. At the same time, the line wings suggest a rotational velocity of nearly 70 km s −1 . Another photospheric line, Ne i 6402Å, is also very weak (EW = 0.03Å, see Fig. 5 ). It is much weaker than those of B-type supergiants, reviewed in Miroshnichenko et al. (1998) , irrespective of their sub-type and the presence of emission lines. This fact may indicate that the luminosity of AS 78 is not very high; however, this line may also be contaminated with the envelope emission.
The systemic velocity may be estimated by measuring the RV of the Fe ii lines (e.g. Humphreys et al. 1989 ). The mean RV , determined by using 21 Fe ii lines, is −41 ± 1 km s −1 and corresponds to D = 2.9 ± 0.1 kpc from the Sun, which is based on the galactic rotation curve (Dubath et al. 1988 ). The mean RV of the He i lines, −35 ± 2 km s −1 , which may be less affected by the envelope velocity field, is close to the result obtained for the Fe ii lines. However, since RV were measured for only three He i lines (see Table 9 ), the distance estimate based on them may introduce a larger uncertainty. In any case, the spectroscopic result does not contradict the photometric distance estimate (see Sect. 3.1.1). Note that the distance (2.9 kpc) towards BD+55 • 837, the closest star to AS 78 in Table 5 (and which also has RV = −40 km s −1 , Rubin 1965), determined from the galactic rotation, is in good agreement with the spectroscopic estimate (3.5 kpc). Assuming D = 2.9 kpc for AS 78, V = 11.2 mag, A V = 2.6 mag and spectral type B3 (see Sect. 3.1.1), one can derive M V = −3.7 mag and log L bol /L = 4.0. Thus, the luminosity of AS 78 turns out to be intermediate between those of luminosity classes ii and iii (Strajzhys & Kurilene 1981) , unless we significantly underestimated the distance towards it.
The low-resolution near-IR spectrum of AS 78 contains emission lines of neutral hydrogen, singly ionized nitrogen, calcium, oxygen, and iron (see Table 8 and Fig. 9 ). The only line with a strong absorption component identified in this spectrum is that of He i 1.083 µm, which also has a weak, but noticeable, emission component, fairly unusual at this resolution. The IR triplet of Ca ii has an averaged intensity of 1.25 of the continuum flux. A weak Brγ and a few higher members of this series are detected in emission. The flux ratio of the O i lines at 8446, 11 287, and 13 164Å can be used for an independent interstellar reddening estimate by means of the method suggested by Rudy et al. (1991) . This method assumes that an equal number of photons are generated in the 8446 and 11 287Å lines by the Ly β fluorescence mechanism, but corrects this ratio, by using the 13 164Å line, for the additional photons generated in the 8446Å line by continuum fluorescence. The flux ratio observed in the spectrum of AS 78 (0.344/0.322/0.039) gives E B−V = 0.70 ± 0.15, which agrees with the above photometric estimate.
The continuum level in the blue part of the near-IR spectrum decreases with wavelength, while it increases in the red part. This fact implies a change in the continuum formation mechanism. Shortward of 1.2 µm it is due to the radiation of the star and the stellar wind. Extrapolation of the blue continuum slope to the red part of the spectrum shows that the observed continuum is 1.7 times stronger in the H-band and 5 times stronger in the K-band. Such a sharp rise cannot be explained by the presence of a cool companion, but rather by radiation of the circumstellar dust.
MWC 657
In contrast with those of AS 78, the Balmer lines of MWC 657 show a double-peaked structure with a deep central depression (see Fig. 10 ). Such behaviour suggests that the lines are formed in a dense circumstellar disk, which is viewed close to edge-on. The intensity ratio of the blue and red peaks (V/R) in the Hβ line profile is nearly 1.5 times larger in the 1999 spectrum compared to those in 1994/5. The same effect is probably observed in the Hα line as the blue peak strength in the 1999 spectrum is at least 3 times larger than that in 1994/5, while this number should not be larger than 1.5 for the red peak (a rough estimate from the unsaturated part of the profile). The variations of the Hα and Hβ profiles in the spectrum of MWC 657 are shown in Fig. 10 . The low-resolution DSO spectra reveal the presence of a DIB at 4430Å and a number of Fe ii lines in the region blueward of 4735Å, the blue edge of the high-resolution SAO spectrum (see Fig. 4 ). The Balmer lines up to H are seen in pure emission; while the shortest wavelength Balmer lines observed, H8 and H9, partially fill-in their absorption cores.
Since the emission-line spectrum of MWC 657 is much stronger than that of AS 78, no reliable information about the star's parameters can be derived from the few He i lines detected in absorption. Moreover, in the 1995 spectrum a part of the He i 5876Å line is seen in emission, as well as both He i 5876 and 6678Å in the 1999 spectrum (see Fig. 7 ). The fact that no He ii 4686Å line is present puts an upper limit of 26 − 27 10 3 K on the disk's excitation source temperature. On the other hand, the occasional emission in the He i lines implies that it is ≥ 15 000 K.
The presence of the strong DIBs and deep interstellar components of the Na i D 1,2 lines is consistent with the high reddening estimated by Miroshnichenko et al. (1997) . The equivalent widths of the DIBs at 5780 and 5797Å, 0.51 and 0.15Å respectively, lead to an estimate of the interstellar reddening of E B−V ∼ 1.1 mag, which is noticeably smaller than the 1.6 mag derived from the observed and intrinsic (for an early B-type star) colour-indices. This discrepancy indicates that part of the reddening is circumstellar. Such circumstellar reddening is usually observed in classical Be stars (e.g. Waters et al. 1987 ). In the case of MWC 657, this points out that the circumstellar gas density distribution decreases more slowly with distance from the star than that of AS 78. The emission peak separation (∼ 200 km s −1 ) is typical for classical Be stars, which may have Keplerian disks (e.g. Hummel 2000) . On the other hand, the latter display significantly weaker emission-line spectra, indicating that MWC 657 has a higher average disk density.
The mean RV determined from the Fe ii line measurements is −55 ± 5 km s −1 in the OHP and SAO spectra. According to Dubath et al. (1988) this corresponds to a distance of 4.5 ± 0.5 kpc, while the distance to the neighboring OB-association Cep OB1, which has an averaged RV of −60 km s −1 , is 3.5 kpc (Humphreys 1978) . The interstellar extinction law in the direction of MWC 657 suggests D ∼ 2 − 3 kpc for the interstellar part of the object's reddening (Miroshnichenko et al. 1997) . Thus, D = 3.5 kpc seems to be a reasonable estimate for the distance towards MWC 657. The averaged optical brightness (V = 12.8 mag), the minimum star's temperature (15 000 K), and the estimated interstellar reddening and distance yield the absolute visual luminosity M V ∼ −3.3 mag, assuming that MWC 657 is a single star and the circumstellar contribution to its optical brightness is small. According to Strajzhys & Kurilene (1981) , the bolometric correction for such a star is BC ∼ −1.3 mag, leading to log L bol /L ≤ 3.7. The uncertainty of this estimate, due to the uncertainties in the distance and the optical brightness, is at least 50 per cent. In addition, a higher temperature would result in a higher luminosity, although this may be partially canceled by a reduction for the possible circumstellar continuum emission. The spectroscopic data have been obtained at different phases (the OHP 1994 spectrum was taken at phase 0.84, the OHP 1995 at 0.89, the DSO 1998 at 0.95, the SAO 1999 at 0.33, while the DSO 1999 spectrum was obtained at phase 0.46), but mainly close to the photometric minimum. Nevertheless, the observed line profile changes seem to suggest that the periodicity is real. On the other hand, the last spectrum obtained at DSO nearly at the photometric maximum turned out to be almost identical to the first DSO spectrum. This result may indicate that the variations are difficult to detect at this resolution, or that the object's variability is more complicated than simple cyclicity.
Modelling
Since the circumstellar envelope of MWC 657 is most likely non-spherical and very dense, we did not model its Balmer line profiles, as the modelling of such structures is not yet well developed (e.g. Hummel 2000) . The SED of MWC 657 has been modelled by Miroshnichenko et al. (1997) . In this section we concentrate on modelling the SED and Balmer line profiles of AS 78.
The near-and far-IR excesses observed in the SED of AS 78 suggest that the object is surrounded by a dusty envelope. In order to model the dusty environments we constructed the SED using our photometry, the MSX, and the IRAS fluxes. The models were calculated with a code by Ivezić et al. (1999) , which solves the radiative transfer problem in a spherical dusty envelope. The temperature structure of the envelope is calculated self-consistently taking into account absorption, emission, and scattering of the stellar radiation in the envelope.
The calculations were performed for stellar temperatures T eff in the range from 16 000 K to 22 000 K, which corresponds to B2-B5 spectral types (Strajzhys & Kurilene 1981) . The stellar radiation was modeled with Kurucz (1994) model atmospheres. The dust temperature at the inner envelope's boundary (T in ) was varied between 1000 and 1500 K. Since no reliable information about the 10-µm silicate feature is available, we used the optical properties of two different grain chemical compositions: interstellar dust (Mathis et al. 1977, hereafter MRN) and amorphous carbon (Hanner 1988) . The density distribution in the envelope was chosen to be a power-law r −α , where r is the distance from the star. The steep decrease of the far-IR fluxes implies a relatively small ratio (Y out ) of the outer to inner radii and a small optical depth of the envelope (τ V ); these are two other parameters of the Fig. 10 . The Hα (left panel) and Hβ (right panel) line profile variations in the spectrum of MWC 657. The OHP 1994 spectrum is shown by a solid line, that of OHP 1995 by a dashed line, while that of SAO 1999 by a dotted line (the redshifted peak of Hα is saturated). Units of the velocities and intensities are the same as in Fig. 7 modelling. Since both the interstellar and circumstellar contributions to the overall extinction are not known a priori, we treated A V as an additional free parameter and derived it by comparing the observed and modelled SED.
The optical part of the SED is dominated by the star's radiation, so that T eff controls the A V . The best fit with A V = 2.86 mag, which is in accord with the above independent estimates, is found for T eff = 17 000 K, τ V = 0.12, Y out = 1000, T in = 1200 K, a power-law density index α = 1.6, and amorphous carbon grains. The theoretical SEDs for the MRN mixture give a much poorer fit. Changes in the stellar surface gravity do not affect the quality of the fits. The observed SED, dereddened with A V = 2.86 mag, and the corresponding best fits for both types of dust are presented in Fig. 11 in units of the bolometric flux.
Despite the fact that the spherical envelope fit is close to the observed SED, such a geometry does not solve the near-IR variation problem. It is hard to imagine that the star lost a significant part of its dusty envelope in a few weeks (between 1999 August 28 and September 17). The distance between the star and the dust, which radiates the bulk of 2-µm emission, is several hundreds of stellar radii. This requires a dramatic decrease in the star's luminosity or a matter outflow with a speed of about 0.01 c to push the dust outwards. Both these suggestions seem to be unlikely, given the star's long-term stability in the optical region.
A possible solution of this problem is the suggestion that the dust is distributed non-spherically. Recently showed that a SED, similar to what we see in AS 78, in the region longward of 1 µm can be produced by an optically-thick and geometrically-thin disk. Such a disk would have an outer temperature of a few hundred Kelvin and would be much smaller than the spherical envelope producing the same SED, because the disk is much cooler due to its high optical depth. The latter property makes the disk spectrum flat in the 10-µm region. However, a weak 10-µm emission could exist, because some dust may still be present in the form of a spherical envelope. We might speculate about a suggested disk surrounding a secondary companion, the luminosity of which is not large enough to make a noticeable contribution to the observed radiation of the system. This might explain why we do not see brightness modulation in the optical region. Such a disk's contribution to the radiation in the J and H bands would be rather small, but would become dominant longward of approximately 2 µm. Its effective radius for the 2 µm radiation is a few radii of the secondary, so that it can be occulted easily by the primary. The photometric variations should be smaller at longer wavelengths, where the disk radiates at larger radii. Thus, the binary hypothesis is capable of explaining both the IR excess and the near-IR variations. However, current information about the possible secondary is insufficient to model the SED of such a binary.
In order to put further constraints on the physical characteristics of the star and to estimate the parameters of its wind, we tried to calculate the Balmer line profiles by means of the method described by Pogodin (1986) for spherically symmetric envelopes. The spherical model usage is justified by the P Cyg-type profiles, which can be produced either in a spherical or a geometricallythick disk-like envelope. Some initial ideas about the wind kinematics can be obtained from comparing the object's line profiles with those of well-studied stars, which display similar emission-line spectra. Recently the results of the analysis of the Balmer and He i lines of P Cyg and HDE 316285 have been published (Najarro et al. 1997 and Hiller et al. 1998, respectively) . The line profiles of both stars were well fitted with the same β-velocity law (β = 2.5), with wind terminal velocities of 185 (P Cyg) and 410 km s −1 (HDE 316285), and with the wind density parameters (Ṁ R −1.5 * ) of 4.6 10 −8 (P Cyg) and 3.7 10 −7 (HDE 316285) M yr −1 R −1.5 . Comparison of the Hα profiles of the three objects shows that their emission component cores have almost the same blue and red slope which suggests β = 2.5 for AS 78 (see Fig. 12 ). The wind terminal velocity of AS 78 is nearly 500 km s −1 based on the red border of the absorption feature. The full width at half maximum (FWHM) of the emission component of AS 78 is close to that of P Cyg, while the absorption component of AS 78 is much wider than those of both P Cyg and HDE 316285. The latter fact leads to the suggestion that the acceleration in the outer wind regions of AS 78 is significantly smaller than in those of the other two stars and that the β-velocity law does not work there. The wind density parameter does not seem to be smaller than that of P Cyg, since both the Hα and Hβ lines in AS 78 are stronger than those of P Cyg. This suggestion leads to a rough mass loss rate estimate ofṀ ≥ 1.5 10 −6 M yr −1 . Here we try to check the above estimates on the low-resolution line profiles (the SAO 1994 data). The kinematics of the stellar wind was described through the βvelocity law of Cohen & Barlow (1977) :
is the velocity at the dimensionless distance x from the stellar center, which is expressed here in stellar radii, and v ∞ is the terminal velocity of the stellar wind. Stellar radiation and photospheric line profiles were introduced using Kurucz (1979) model atmospheres. The wind temperature was assumed constant throughout the envelope at a level of 80% of T eff (Lamers & Waters 1984) . The photospheric line profiles were broadened by the star's rotation of 70 km s −1 (see Sect. 3.2.1). For each model the radial electron scattering optical depth (τ e ) was calculated, and the emergent line profiles were corrected for electron scattering using the method by Castor et al. (1970) . For comparison with the observations, we convolved the resulting profiles with an instrumental Gaussian profile in order to achieve a resolution of 2Å.
With these assumptions we calculated a grid of models for different T eff ,Ṁ R −1.5 * , log g, β, w 0 , and v ∞ . The best result was obtained for the following parameter values: T eff = 17 000 K, log g = 3.0, v ∞ = 350 km s −1 , w 0 = 0.15,Ṁ R −1.5 * = 3.8 10 −8 M yr −1 R −1.5 , β = 4.5, τ e = 0.5. These fits are shown in Fig. 13 . The star's radius, calculated from the above bolometric luminosity estimate and T eff , turns out to be 11.5 R . The wind density parameter and R * give the mass-loss rate estimateṀ = 1.5 10 −6 M yr −1 , which is in good agreement with the lower level derived from the comparison with P Cyg.
The observed absorption components of the Hγ and Hδ lines are wider than the theoretical ones at the blue side. This can be due to the poor resolution, simplicity of the model, and/or blending with nearby weak absorption lines (e.g., with those of O ii Mult. 18 which are located at −400 − 600 km s −1 from the center of the Hδ line). Nevertheless, the agreement between the observations and model results is good especially for the Hβ line. The models with larger T eff have shallower absorption components in the Hβ − Hδ lines with respect to the observed ones. A similar effect is seen for the models with a larger wind density parameterṀ R −1.5 * , which leads to a larger τ e . Smaller values of w 0 also produce the same effect, while a smaller β results in shallower Balmer decrements.
These modelling results show that in 1994 the wind of AS 78 probably had a lower acceleration than in 1999. The difference in the Balmer decrement noticed above and the results of the Hα profile comparison with those of other stars (Sect. 3.2.1) indicate that the wind structure has changed during the period between our observations. Qualitatively these changes can be understood as follows: the wind acceleration has increased, and the denser regions near the star's surface were moved outwards resulting in a wider P Cyg-type absorption component. The massloss rate has most likely increased as well. This scenario requires a characteristic time of nearly a year, since this is roughly the time for the gas to travel all the way through the envelope outer boundary (∼ 100 R * ) at a velocity of 100 km s −1 . At this point, we will not attempt to model our high-resolution data until new spectra are obtained.
Discussion
AS 78
Now we can take into account all the observed and derived properties of AS 78 in order to discuss its possible evolutionary state. With the fundamental parameters derived above, the star is clearly located above the main sequence. Direct comparison with the evolutionary tracks of Schaller et al. 1992 yields a mass for the star of M * ∼ 9 M (Fig. 14) . The bright emission-line spectrum and the presence of a strong near-IR excess due to hot circumstellar dust make AS 78 similar to B[e] supergiants (Zickgraf et al. 1986 ). Its position in the HR diagram is close to that of HD 87643, which shows some features of this type of object (e.g., Oudmaijer et al. 1998 ). However, most B[e] supergiants are much more luminous (see Fig. 14) and more massive. One can argue that these stars might have lost a significant fraction of their masses through the stellar wind. This matter would appear as a nebula surrounding the stars which is seen in HD 87643, but not in AS 78. Therefore, this interpretation is hardly applicable to the latter.
Let us now explore other options for the nature of AS 78. The location outside the main sequence rules out the possibility that it is a pre-main-sequence Herbig Ae/Be star. The calculations by Palla & Stahler (1993) and their analysis of the distribution of young intermediate-mass stars in the HR diagram show that they would still be hidden inside their parental clouds if they were as far from the zero-age main-sequence as AS 78 is now. Even if they are visible, they should be surrounded by a large amount of protostellar dust, which produces a significant far-IR excess (e.g., Berrilli et al. 1992) . The SED of AS 78 clearly shows the lack of such an excess.
AS 78 may be a post-AGB object because of its intermediate luminosity. According to Blöcker (1995) , the parameters we derived (L bol and T eff ) would correspond to a star with an initial mass M ZAMS = 4 M and a core mass M H = 0.7 M nearly 50 years after the beginning of its post-AGB evolution. Usually these intermediate-mass stars evolve through the post-AGB phase to the planetary nebula phase very quickly. During this evolutionary phase, they are usually heavily obscured by the circumstellar envelope which was ejected during the previous AGB phase. In fact, all type I (massive) and most of the type ii (less massive) PNe are known to be strong emitters in the far infrared having the peak of emission between 25 and 60 µm (e.g. Pottasch et al. 1988 ). Thus, this possibility seems to be very unlikely for AS 78.
The presence of a large number of Fe ii lines in the spectrum and the shape of the IR excess make AS 78 similar to the group 2 B[e] stars (26 objects) selected by Allen & Swings (1976) . The nature and evolutionary state of most of these stars have not yet been determined (e.g. Lamers et al. 1998 ). However, a few objects from this group (e.g., GG Car, MWC 342, MWC 84, MWC 623) have been suspected to be binaries (see Miroshnichenko 1998 for a recent review). MWC 84 (CI Cam) and MWC 342 (V1972 Cyg) both show strong Balmer and Fe ii emission-line spectra as well as IRAS fluxes rapidly decreasing towards longer wavelengths. MWC 342 displays cyclic variations of its optical brightness, while CI Cam was detected as a strong X-ray transient source in 1998. Nevertheless, the presence of their secondary components can be detected only indirectly. This suggests that these components are rather compact. At the same time, all quoted suspected B[e] binaries display very strong emission-line spectra, which are usually not observed in single non-supergiant stars.
AS 78 also shows such a strong emission-line spectrum. Moreover, as we speculated in Sect. 3.3, the near-IR variations detected in AS 78 might imply that its secondary is surrounded by a dusty disk, which is sometimes occulted by the primary. Location of the dusty disk around the visible component seems to be unrealistic since the latter's gaseous envelope does not show a noticeable flattening (see Sect. 3.3). That fact we have not found any periodicity in the photometric variations of AS 78 might suggest that the binary separation is large and the corresponding orbital period is comparable with the period of our observations. Thus, the binary hypothesis agrees with the information we derive for AS 78 better than any other considered above, but it still requires additional observations to be proven. 
MWC 657
Despite the fact that the spectra of MWC 657 and AS 78 are quite similar, it can be seen from the above discussion that their photometric and spectroscopic properties are different. MWC 657 seems to be surrounded by a dense circumstellar gaseous disk, while the emission-line spectrum of AS 78 is more likely due to a mostly spherical stellar wind. The photometric variations of MWC 657 show signs of periodicity, while those of AS 78 are rather gradually changing with time. These differences might imply a different nature and/or evolutionary state for the objects. However, these differences may be due to different contributions of the system components to the overall radiation.
The position of MWC 657 as a single star in the HR diagram is close to that of AS 78 (Fig. 14) . Therefore, all the above arguments about the B[e] supergiant, pre-mainsequence Herbig Ae/Be star, and post-AGB scenarios that we applied to AS 78 are valid for MWC 657. Moreover, the observed properties of MWC 657 resemble those of MWC 84 and MWC 342, as in the case of AS 78. The spectral line profiles of MWC 342 (which are very similar to those of MWC 657) and CI Cam suggest that they are formed in dense gaseous disks. The shape of the IR excess of MWC 657 (which is almost identical to those of AS 78, MWC 342, and MWC 84) may be understood if it is formed in the circumstellar disk. Due to these similarities, the binary hypothesis seems to be a very attractive explanation of the behaviour of MWC 657.
Let us assume that the photometric variations are only due to the variable contribution from the secondary component + disk. Then the upper limit of the V -band brightness of the visible component is nearly 13.2 mag. This, in combination with the interstellar E B−V = 1.1 and D = 3.5 kpc, gives us its absolute visual magnitude M v ≥ −2.8 mag. The presence of the broad He i absorption lines, which most likely belong to the visible component, indicates that it is a moderately rotating B-type star. The width and strength of the He i 5876 and 6678Å lines in the 1994 OHP spectrum are consistent with a temperature for the star of 15 000 K and v sin i ∼ 100 km s −1 (see Fig. 7 ), assuming no disk emission contribution to the profiles. The same BC = −1.3 mag as in Sect. 3.2.2 gives M bol ≥ −4.1 mag, log L bol /L ≤ 3.5, and a radius for the star of R * ≤ 10 R . Assuming the total mass of the system is 10 M , the orbital period of 86 days gives a separation between the components of ∼ 10 13 cm. This value is an order of magnitude larger than the deduced radius of the brighter component. Thus, the brighter component does not fill its Roche lobe and is the presumed mass gainer.
Since no spectral lines of the fainter (secondary) component are seen, it is most likely that the disk fills the Roche lobe of this component and is the source of mass transfer in the system. Such a scenario has been developed for massive X-ray binaries by Harmanec (1985) , one of which may well be MWC 657. If this is the case, the fainter component of MWC 657 is probably a compact helium star, which means that the system is rather evolved. To get more information about both possible components, one needs high-resolution spectroscopy of MWC 657 at the minimum and maximum brightness phases.
Conclusions
We have obtained and analysed photometric and spectroscopic data for two peculiar emission-line stars AS 78 and MWC 657. Both objects were found to display noticeable photometric variations in the optical region with an amplitude of about 0.3 and 0.6 mag, respectively. Highresolution spectra were obtained for both objects for the first time. We find that they both lack photospheric lines and exhibit variations in the emission line profiles. The IR excesses are also similar in AS 78 and MWC 657 indicating a lack of far-IR radiation. Both objects were identified in the recent mid-IR galactic plane survey of the MSX satellite with fluxes comparable to those of IRAS.
A near-IR excess is detected for AS 78 for the first time. A gradual decrease of its U − B and B − V and simultaneous increase of the V − R and V − I colour-indices was observed during more than 6 years of observations. Variations in the near-IR radiation on the order of 1 mag were found with a time scale of weeks. The radial velocity measurements in this spectrum suggest that the distance towards AS 78 is 2.9 kpc, based on the galactic rotation curve. The consideration of different hypotheses about the nature and evolutionary state of AS 78 enabled us to discard those of a B[e] supergiant, Herbig Ae/Be star, and post-AGB object. The observed variations of the near-IR flux are more consistent with the binary hypothesis. If this is the case, then the primary is responsible for the bulk of the optical radiation and had T eff ∼ 17 000 K at the epoch of our first spectroscopic observations (January 1994); T eff and/or the stellar wind strength appears to be increasing with time.
The high-resolution spectrum obtained in 1999 indicates changes in the wind density structure in comparison with the 1994 data. The secondary must be a less luminous star which is probably surrounded by an optically-thick and geometrically-thin gaseous and dusty disk. Although we currently do not have sufficient evidence for the object's binarity, the observed strong emission-line spectrum of AS 78 is rather unusual for such a relatively low-mass star.
Cyclical photometric variations with a period of 86 days were suspected for MWC 657. The optical colourindices tend to become bluer as the star brightens in the V -band. The K-band brightness tends to increase significantly towards phase 0.5, which corresponds to a weak secondary minimum. The double-peaked Balmer emission lines probably show phase dependent V/R changes. We suggest that all these phenomena might be due to the orbital motion in a close binary system, where the gaseous disk around the invisible star fills its Roche lobe and pours matter onto the visible component. The latter is probably a B-type giant star. Such a system is rather unusual, but not completely unexpected.
The observations obtained so far do not allow us to derive the objects' parameters with high accuracy. Additional observations including optical and IR photometry and high-resolution spectroscopy are required for both stars. Nevertheless, this study has revealed a number of their important properties, and our results allow us to create an observing strategy for both. In particular, frequent near-IR observations seem to be the most important to get more information about the IR emitting regions and possible secondary components.
